
AlGaN-BASED TECHNOLOGY: STATE-OF-THE-ART AND REMAINING CHALLENGES 

Zlatko Sitar 

North Carolina State University, Raleigh, North Carolina, United States 

AlGaN alloys are the building blocks of deep UV optoelectronics and high-power devices. It has been 
demonstrated that the highest crystalline quality AlGaN films with high Al content are obtained on AlN 
single crystal substrates. Recently, UV LEDs emitting at 265 nm with output powers exceeding 80 mW 
and high reliability, as well as low-threshold, optically pumped lasers emitting at wavelengths between 
230-280 nm have been demonstrated. These results demonstrate the advantages of using AlN 
substrates for this technology. Despite the encouraging results, challenges in strain management and 
management of point defects pose the remaining limitations of this technology. 

Pseudomorphic AlGaN films with dislocation densities lower than 1E3 cm-2 have been achieved, 
sustaining compressive stresses with thicknesses exceeding 3 µm. If relaxation is not essential for a 
given application, relaxation schemes can be avoided altogether in favor of pseudomorphic AlGaN films 
on AlN. As single-crystal AlN substrates have low dislocation densities, of the order of 1E3 cm-2, it is 
unrealistic to expect sufficient strain accommodation through dislocation bending of pre-existing 
dislocations. This makes misfit dislocation nucleation an essential mechanism in the relaxation of these 
films. Composition and strain relaxation in high Al content AlGaN layers grown by MOCVD on AlN 
substrates will be discussed with respect to the substrate miscut. It was found that the nucleation of 
misfit dislocations in AlGaN layers depends on the presence of either macrosteps or bilayer steps on the 
growth surface. As miscut controls the surface step morphology, it plays a crucial role in misfit 
dislocation nucleation and alloy critical thickness. Following these results, dislocation densities below 
105 cm-2 have been obtained in these films for Al content higher than 60%. 

These low dislocation densities allowed for a systematic approach to the identification and control of 
compensating point defects that affect n-type conductivity. This approach has been guided by a first-
principles-based database that combines point defect data to predict defect concentrations and 
significant optical transitions for defect identification. This is currently guiding the development of the 
Fermi level control scheme for point defect management that has allowed for the achievement of high 
free carrier concentrations in high Al content AlGaN films. 

The talk will discuss MOCVD processes for control of AlGaN composition and heteroepitaxy, approaches 
to control strain, point defects, and doping in this material, and implications of this technology for 
further development of UV optoelectronic and electronic devices.  

 


